Neutrino Experiment for Oscillation at Short baseline (NEOS) targeted the search of singlet neutrinos as natural extension to Standard Model three neutrinos. The electron antineutrinos emerging from a reactor of 2.8-GW thermal power were detected in tendon gallery, 24 meters away from the reactor core. The experiment was performed at Hanbit Nuclear Power Plant in YoungGwang, Korea for eight months. The baseline is optimized for the oscillation with mass-squared difference about 1 eV 2 . A ton of Gd-loaded liquid scintillator collected 1976 events per day with signal-to-background rate 22 during reactor-on period. The shape analysis exhibits a moderate spectrum consistent to those obtained in other reactor neutrino oscillation for about 1.5-km distance. The 5-MeV excess also appears in the spectrum shape of NEOS as seen commonly in Daya Bay, RENO and Double Chooz. Although our analysis drew an exclusion curve of high sensitivity, a singlet neutrino state has not been verified for a scale between the mass of atmospheric neutrino and the order of eV. However, the result of NEOS presents the direction to further search of sterile neutrinos. Possible strategies using the result and the prospect of future sterile neutrino search will be discussed.
Introduction
The mixing between three neutrino mass eigenstates and weak interaction eigenstates was experimentally confirmed and the mass-squared differences and three mixing angles have been updated from the atmospheric, reactor, and accelerator neutrino oscillation experiments for the last decades [1] [2] . Mass hierarchy, the mass of the lightest neutrino, Majorana nature, and CP phase in three-neutrino frame are ongoing issues to be determined in future experiments [3] [4] . Even though the number of active light neutrinos are limited to three from the Z boson decay measurements [5] , the existence of extra neutrinos has not been ruled out, which are not involved in the Standard Model weak interaction. That is why they are called sterile neutrinos [6] . Rather, there a various models of sterile neutrinos in order to explain the lightness of neutrino masses, the origin of baryon asymmetry, and etc.
The existence of sterile neutrinos can be identified by the active-sterile neutrino oscillations. Indeed, LSND experiment [7] forν µ →ν e transition reported an observation of oscillation with mass-squared difference larger than 0.01 eV 2 implying a sterile neutrino. On the other hand, MiniBooNE experiment [8] was not conclusive in confirming the LSND result. There are also two types of known anomalies in ν e disappearance, Gallium anomaly and Reactor anomaly. Gallium radioactive source experiments GALLEX and SAGE [9] reported the disappearance of ν e s at a few meter baseline and its measured-to-predicted ratio is 0.88 ± 0.05. The other type of anomaly was revealed in dozens of short baseline reactor neutrino experiments performed whose baselines are between 8 and 100 meters, e.g., Bugey [10] . All those anomalies indicate the order of 1 eV as a most probable mass scale of sterile neutrino in the oscillation with active neutrinos. The reactor antineutrino anomaly became an issue because the reactor neutrino event rates showed about 6% deficit in comparison to the updated theoretical expectations [11, 12] before the Neutrino Experiment for Oscillation at Short baseline (NEOS experiment).
Former reactor experiments, Daya Bay [13] , RENO [14] , and Double Chooz [15] , also consistently obtained the same deficit in the absolute flux at near detectors, although their main target was measuring θ 13 . Reactor antineutrino oscillation turns out to play rather pivotal role in the prospect of neutrino physics and other related fields. The reactor experiments with multiple detectors commonly reported a 5-MeV excess in spectrum [13] [14] [15] . Both the excess and the anomalous deficit require better understanding in both neutrinos and nuclear processes in reactors [12, 16, 17] . If the existence of light sterile neutrinos is confirmed in experiment, the number of neutrinos and mass bound in Cosmology, as well as the search of dark matter candidate, can establish a framework to approach their solutions based on the concrete fact. A number of reactor experiments are being launched or taking data to search a sterile neutrino in short-baseline oscillation [18] [19] [20] [21] . There is a variety of baselines within the experiments, and each baseline intends a different value of sterile neutrino mass. It is expected that the reactor experiments will draw some conclusion on the light sterile neutrinos. Neutrino Experiment for Oscillation at Short baseline(NEOS) has a unique 24-meter baseline among those experiments. In this presentation, we will share the design of detector, the spectral shape analysis, and the exclusion curves obtained from observation.
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Experiment Setup
The experimental site of NEOS is Hanbit Nuclear Power Plant (NPP) in Younggwang, Korea, which consists of six commercial reactors. The Reactor Unit 5 in Hanbit NPP with 2.8 GW th thermal power was selected as the source of electron antineutrinos. The reactor core is cylindrical shape of 3.1 m diameter and 3.8 m height. The fuel is Low Enriched Uranium (LEU) with 4.6% 235 U. NEOS detector is placed in Tendon Gallery of the reactor, aiming the search of disappearance of electron antineutrinos from the oscillation over 24-m baseline. The gallery is an underground hall below the reactor, of which overburden is 20 meter water equivalent(m.w.e).
NEOS detector consists of active target, buffer tank where photo-multiplier tubes(PMT) installed, shields, muon detectors, and Data AQuisition (DAQ) system as shown in Figure. 1. The active target material is a liquid scintillator and is contained in a cylindrical stainless steel tank whose inside is covered by PTFE reflector. The material is homogeneous in a single 1000-L container, and is a 9:1 mixture of Linear Alkyl Benzene (LAB) and Di Isopropyl Naphthalene (DIN) [22] . The mixture of the recipe turns out to be better than LAB-only liquid scintillator in improving the pulse shape discrimination (PSD) [23] . In addition, 0.5% Gadolinium (Gd) is doped into the scintillator for neutron capture on Gd, so that we could obtain separate signals of the positron and the neutron produced from inverse beta decay(IBD),ν e + p → e + + n. The combination of the two signals is called an IBD candidate. There are two buffer tanks filled with mineral oil at both sides of the target and two acrylic windows between the target and the buffers. Nineteen R5912 (8-inch) PMTs are installed in each buffer tank. There are also two kinds of shields; one is 10-cm thick borated polyethylene against neutrons and the other is 10-cm thick lead against external gammas. Muon detectors for muon veto consists fifteen plates of plastic scintillator with PMTs attached, which cover the surface of the detector except the bottom side.
Data was taken from August 2015 until May 2016 and the reactor-on and -off period are about 180 and 46 days, respectively. The number of IBD candidates per day is 2000 and 80 during the operating period and off period, respectively. The on-to-off ratio of candidate numbers is about 24. The energy resolution is about 5% at 1 MeV, which is the most probable range for light sterile neutrinos, according to the prediction of reactor anomaly interpretation.
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Data Analysis
Only the events with energy above 0.6 MeV are selected as single events and IBD reconstructions are made with those single events. Figure. 2 shows the energy distribution of single events. An IBD candidate consists of a signal by a positron and its annihilation and a signal by a neutron capture on Gd. They are called the prompt signal (S1) and the delayed signal (S2), respectively. The energy of S1 is given by a simple re-estimation the energy of a detected neutrino, and it ranges 1-10 MeV. Total gamma energy due to n-Gd capture is about 8 MeV, but the energy of S2 ranges 4-10 MeV because some of gammas escape from the target. The size is not large enough to collect all the gammas in it. The time difference between two separated signals is 1-30 µs since the neutron capture takes some time compared to S1.
In addition, there are criteria applied for reducing the backgrounds. The pulse shape discrimination is used against fast neutrons [24] , and the multiplicity cut is used against multiple neutrons as in spallation. The PSD cut is set to accept 99.9% of gamma-like events, as shown in Figure. 3). The multiplicity cut should not allow either a single event between S1 and S2, a single event within 30 µs before S1 or another single event other than S2 within 150 µs after S1. The time window for muon veto is 150 µs. The data in the reactor-on period has both neutrino signals and backgrounds. On the other hand, the data of the reactor-off period has only the backgrounds. The ratio of signal to background is about 22, and the energy spectrum of prompt signal is given in the top plot of Figure. 4. Data analysis refers Huber and Mueller's model [12] with Vogel's IBD cross section [25] as expectation. The spectrum excess around 5 MeV appears clearly when the data is in comparison with HM model. In order to avoid the conflict from the excess, our analysis takes the strategy referring Daya Bay spectrum [26] obtained in their near detector as the expected spectrum. That is, the aspect of oscillation due to the mass of fourth neutrino has been looked into by comparing with Daya Bay
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Results and Remarks
The first oscillation analysis of NEOS results is shape-only analysis [27] . The chi-square is estimated by the following expression,
where N on and N off are the measured event numbers during the reactor-on and -off periods, respectively. The N exp denotes the predicted event number, and M i j is the element of covariance matrix including both statistical and systematic uncertainties. The t on and t off denote the live times for reactor-on and -off data, respectively. Within the 3+1 hypothesis, the bottom plot of Figure. 4 shows the best fits of NEOS and RAA. As a result of significance test, no strong evidence of sterile neutrino was found. The raster scan gives rise to an exclusion curve in sin 2 2θ 14 − ∆m 2 41 space at 90% CL as shown in Figure. 5. For the range 0.2 eV 2 < ∆m 2 41 < 2.3 eV 2 , the upper limit of sin 2 2θ 14 is restricted to be less than 0.1. The curve excludes a proposed region for a sterile neutrino. NEOS experiment has additional outcomes besides the sterile neutrino search. The detector monitored the ramping-up steps of turning-on process of a reactor. It is the first single-reactor experiment that confirmed the 5-MeV excess in the reactor neutrino spectrum. Further search of sterile neutrinos has a few ongoing directions; one is the measurement of θ 24 from appearance experiments of accelerator neutrino oscillation, and another is very-short-baseline oscillation of heav-
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